
@
Pergamon

pp.

i

PfI: SO040-4039(97)01564-5 + 0.00

Takeshi Kawase, Noriko Ueda, and MaaajiOda*
Departmentof Chemistry,GraduateSchoolof Science,OsakaUniversity

Toyonaka,Osaka560,Japan

cyclophane,the srnaiiestmemberof this famiiyto be
known, was synthesizedby bromination-dehydrobrominationof the corresponding
trienein good yield; its X-ray crystallographicsnsfysisreveaisan averagedsp bond
angleof 158.6°thatis substantiallybentfromthenormai,lineartriplebond.
@

Recentiywe have reported the synthesis of [2.2.2.2]metacyclophanetetrayne2 that was the smaiiest
memberof [2.n]metacyclophane-n-ynesto be knownby bromination-dehydrobrominationof the corresponding
metacyclophanetetraene.1Thebromination-dehydrobrominationapproachwas also successfullyappliedto our
recentsynthesisof cyciic [6]- and [8]paraphenylacetylenes [2.slpamcyclophanepolyynes),3a and
3b, whichhavenovelbelt-shapedconjugation.2Akhoughthesecompoundsareconsiderablystrainedwithbent
triplebonds, the high symmetryin their structuresdispersesthe strainenergy over the moleculesto aiiow
applicationof the base-induceddehydrobrominationmethod.Herewe reporton the synthesisand structureof
[2.2.2]metacyclophane-1,9,17-triyne1, which is even smaiier in ring sim than 2, by applicationof the
bromination-dehydrobrorninationapproach.

3a:m = 1
1 2 3b:m= 3

A semi-empiricaicalculation(AM-1)3predictsthat the triplebondsof 1 (1599 is more severelybent by
about 10°than those of 2 (observedvrtiue:167.7°-169.9?but less bent thanthose of dibenzocyclooctadiyne
(observedvaiue:155.83.4 The strainenergyof 1 is calculatedto be 48 kcaimol”’that is about 33 kcai mol-’
largerthanthecalculatedstrainenergyof 2.

Possibleprecursortriene5 has alreadybeensynthesizedby TannerandWennerstromthrougha threefold
Wittigreactionin moderateyields On the other hand, we havebeforeemployedthe McMurrycoupiingand
obtainedbetter yieldthan the Wittigreactionin thepreparationof theprecursortetraenefor 2. We therefore
examinedtheTi-mediatedreductivecouplingof (Z,Z)-1,3-bis(3-formylstyryl)benzene46 andobtained5 ixt68Y0

6681



yield(Schemel). Onlytraceamountsof cyclicdirnerswereformed.Brominationof 5 withexcessbromineand
subsequentdehydrobrorninartionof the crudehexabromidewitht-BuOKgavethe desiredtriyne 1 in 80-90%
yield.Akboughtriyne1 was sensitiveto silicagelandunelutablefromthesilicagel column,it couldbe purified
by columnchromatographyon ahnninaat O ~. The isolatedtriyne 1 is fairly stable, colorless, crystalline
substanceandthermallydecomposesabove180T.
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Sch- 1: i) m-BrC&4CH#Ph3+ Br--t-BuOIUDMSO,thenchromatographicseparationof Z,Z-isomeron
silica gel; ii) n-BuLUTHF,then DMF, 35%yield fromisophthahddehyde;iii) TiC14-ZnllXwfE,mom temp. overnight
then reflux for 6 h, 68%; iv) Br2/CHC13(4.5 equiv.,roomtemp);v) t-BuOK/ether(12 equiv.),reflux, 2h, 80-90%.

The ‘H and “C NMRspectraof 1 aresimplein agreementwiththehighsymmetryof themolecule(Table1
for data).The innerprotonsof 1 areobservedat 88.38 that is evenlowermagneticfield than those of 2 (5
8.07) which is in turn down-shiftedrelativeto 1,3-di(phenylethynyl)benzene6 (6 7.72), whereasthe outer
protonsremainlittlechanged.Thesp carbonsof 1 (8 99.86)resonateat7.7 ppmlowerfieldthan thoseof 2 (6
92.20).TheRamrrnfrequencyof thetriplebondsof 1 2155cm”’)is alsoappreciablylow-shiftedcomparedto
thatof 2 (v 2202cm”’)andcomparableto thoseof cycloheptynesandcyclooctynes.7Theseobservationspoint
to thebenttriplebondsof 1 in greaterdegreethanthoseof 2. Theelectronicspectrumof 1 is similarto thatof 2
exceptfor the smallerabsorptioncoefficients.The Stokesshift in the ernrnisionspectrumof 1 (28 nm) is only
slightly(CS.5 nm)largerthanthatof 2 in contrastto the muchlargerStokesshift of 3a (121nm) and 3b (91
nm)andtheirdifference(30rim),whichmayreflexhigherdifficultyfordeformationof themoleculeof 1 in the
excitedstatedueto themeti-substittttionship.

A prismatic single crystal of 1 suitablefor X-ray
crystallographicanalysis was obtained from dioxane
solution.Figure 1 shows the molecularstructureof 1.8
Themoleculeis C2 symmetricand nearlyplanarin the
crystal: the deformationof the benzene rings from a
regular hexagon is within 3.3° and the torsion angles
betweenthe benzenerings and threetriplebondsare less
than3.5°.Obviousdeformationof themoleculedueto the *
strainis found in the Imgedeviationof the triplebonds
from linearity;thus, the averaged sp bond angle of 1 ~
(158.69is about IOOsrnallerthanthoseof tetrayne2 and
comparableto those of 1,5-cyclooctadiyne(159.17,9
cyclooctyne (158.5210 and dibenzocyclooctadiyne Figure1. Crystalstructureof 1.
(155.82.4 (ORTEP;50%probability)
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contrastto the inactivityof tetrayne2 towardscyclopentadiene(CP)andfuran,tziyne1 reactswithCP at
room temperature to give a stereoisomeric mixture of 1 : 2 adducts7 (syrr: anti= 1 : 1) in 76% yieldas air
sensitivesolid. Neithermono-nor triadductswere obtained.The considerablylow chemicalshifts of the sp
carbonsof 7 (97.4 ppm)is comparableto the correspondingvalueof [2.2.2]metacyclophanedienyne8 (97.86
ppm)whichwas preparedthroughbromination-dehydrobrominationfrom5 similarto thesynthesisof 3 using
oneequivalentof pyridiniumhydrobromideperbromidefor thebromination.Accordingto AM-1calculation,the
triplebond(s)of triyne1, dienemonoyne8, andmonoene-diyne9 aremorebentin theorderof 9 >1>8 (see
Figure2) in agreementwithno detectionof monoadductwhichshouldbe morereactivethan1.
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Scheme2
7 (synkmti= ca.1)

L——
1 (o!= 159”) 8 (~= 1620, 9 (’y=152°,5 = 163°)

(average157.5°)
Figure2. Calculatedbondanglesof triplebondsof 1,8, and9

Table 1. Selectedphysicalandspectraldataof 1, 7, and8.

1:colorlesscrystals,decomp. >180 W; MS(FAB):rdz 300(M+);IH NMR(270MHz,CDC13):3 = 7.23 (A2BX,
6H),7.35 (A2BX,3H),8.38(t, A2BX,J = 1.7Hz,3H);13CNMR(67.8 CDC13):&= 99.86,124.94,125.82,
129.58,145.18;UV(cyclohexane):kx (E)= 272 (32,800),288 (51,400),304 (28,800),318 (12500 sh), 329
(10,500);fluorescence (cyclohexane): ~m= 333,348, 358; Raman: v = 2155 cm-’ (C==).

7: colorless solid (syrr : anti = ca. 1 : 1), decomp.>200 “C;MS(FAB): I MHz.CDC13):
6= 2.15-2.20(m,2H),2.40-2.46(m,2H),3.82-3.84(m,2H),3.96-4.10(m,2H),6.48 (br. d,J = 7.7 Hz,0.5H),
6.51(old,J = 7.7, 1.7Hz,IH),6.77(br.LJ = 1.7Hz,0.5H),6.88-7.40(m,13.5H),7.53(br.LJ = 1.7Hz,0.5H).
colorlesscrystals,mp 151.5-152.5“C;MS(FAB):dz 304(M+);‘H NMR(600MHz,CDC13):5= 6.64(d,J = 11.7
Hz, 2H), 6.89 (br. d, J = 7.7 Hz, 2H), 6.93 (d, J = 11.7Hz,2H),7.00 (dt,J = 7.7,1.4Hz,2H),7.01(br. t,7.7 Hz,
IH),7.16(m,2H),7.17 (br.d,J= 7.7Hz,2H),7.24 J = 7.7,0.6 Hz, 2H),7.30(m, IH); 13CNMR(67.8MHz,
CDCI,):6 = 97.86, 122.99,124.60,126.24,127.98,128.54,128.77>129.51,130.30,132.28,136.39,139.03,
140.00;Raman:v = 2178cm”’(C=C).
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